Is it safe to nest near bold neighbours? Spatial patterns in predation risk associated with the density of American Golden-Plover nest
Marie-Andrée Giroux, Myriam Trottier-Paquet, Joël Bêty, Vincent Lamarre, Nicolas Lecomte Predation is one of the main factors explaining nesting mortality in most bird species. Birds can avoid nest predation or reduce predation pressure by breeding at higher latitude, showing anti-predator behaviour, and nesting in association with protective species.
Plovers actively defend their territory by displaying early warning and aggressive/mobbing behaviour, potentially benefiting the neighbouring nests by decreasing their predation risk.
To test for the existence of such a protective effect, we studied the influence of proximity to plover nests on predation risk of artificial nests on Igloolik Island (Nunavut, Canada) in July 2014. We predicted that the predation risk of artificial nests increases and decreases with the distance to and the density of plover nests, respectively. We monitored 18 plover nests and set 35 artificial nests at 30, 50, 100, 200 and 500 m from seven of those plover nests. Surprisingly, we showed that predation risk of artificial nests increases with the density of active plover nests. We also found a significant negative effect of the distance to the nearest active protector nest on predation risk of artificial nests. Understanding how the composition and structure of shorebird communities generate spatial patterns in predation risks represent a key step to better understand the importance of these species of conservation concern in tundra food webs. 21 Predation is one of the main factors explaining nesting mortality in most bird species. Birds can 22 avoid nest predation or reduce predation pressure by breeding at higher latitude, showing anti-23 predator behaviour, and nesting in association with protective species. Plovers actively defend 24 their territory by displaying early warning and aggressive/mobbing behaviour, potentially 25 benefiting the neighbouring nests by decreasing their predation risk. To test for the existence of 26 such a protective effect, we studied the influence of proximity to plover nests on predation risk 27 of artificial nests on Igloolik Island (Nunavut, Canada) in July 2014. We predicted that the 28 predation risk of artificial nests increases and decreases with the distance to and the density of 29 plover nests, respectively. We monitored 18 plover nests and set 35 artificial nests at 30, 50, 100, 30 200 and 500 m from seven of those plover nests. Surprisingly, we showed that predation risk of 31 artificial nests increases with the density of active plover nests. We also found a significant 32 negative effect of the distance to the nearest active protector nest on predation risk of artificial 33 nests. Understanding how the composition and structure of shorebird communities generate 34 spatial patterns in predation risks represent a key step to better understand the importance of 35 these species of conservation concern in tundra food webs.
36 Keywords: Arctic, community, nest protection, predation, shorebirds, territory 37 Predation is one of the main factors explaining nesting mortality in most bird species (Ricklefs 38 1969) , and hence represents a selective force that induced the development of strategies for 39 minimizing nest predation (Smith et al. 2007b Larsen et al. 1996) . The American Golden-Plover (Pluvialis 50 dominica, hereafter "plover") is an example of a shorebird species using an early warning system 51 and a distractive or mobbing antipredator behaviour to protect its nest (Byrkjedal and Thompson 52 1998). Such behaviours could decrease predation risks for other species nesting nearby, as shown 53 in another arctic-nesting plover species actively defending its nest, the grey plover (Pluvialis 54 squatarola; Larsen and Grundetjern 1997). Nests of arctic-breeding birds are mainly predated by 55 arctic foxes (Vulpes lagopus) and avian predators such as Common Raven (Corvus corax), 56 Glaucous Gull (Larus hyperboreus), and Long-Tailed Jaeger (Stercorarius longicaudus) (e.g. 93 In addition to the linear distance (in m) to the associated plover nest, we recorded the following 94 variables: linear distance to the closest active plover nest (in m), density of active plover nests 95 within a radius of 270 m around the artificial nest (Fig. 1) , habitat type (wetland or mesic 96 tundra), and vertical nest concealment. The distance to the closest active nest became different 97 from the linear distance to the associated plover nest when the latter was depredated or when 98 another plover nest was located closer to the associated plover nest due to the random allocation.
99 Nest density, nesting success, the type of nesting habitat (wetland or mesic tundra) were 100 evaluated following the Arctic Shorebird Demographic Network protocol (Brown et al. 2014) 101 within an extensive survey zone of 11.7 km 2 . Vertical nest concealment corresponded to the 102 percent of the nest obscured when viewed through an ocular tube (PVC pipe, 4 cm diameter x 11 103 cm length) from 1m directly above the nest. 109 Statistical Analysis 110 We modeled the variations in predation risk on artificial nests (response variable) using mixed-111 effect Cox proportional hazard regression models (library coxme; Therneau 2012) including the 112 following predictor variables: distance to the associated plover nest (linear and quadratic terms), 113 distance to the closest active plover nest (linear and quadratic terms), density of active plover 114 nests within a radius of 270 m around the artificial nest, habitat type, and vertical concealment. 115 We included the artificial and natural nest identity as random terms. Mixed-effect Cox 116 proportional hazard regression models estimates the relationship between Kaplan-Meier survival 117 estimates and the response variables. The exponent of the parameter estimate for each response 118 variable provides the estimate of the hazard ratio, which corresponds to the hazard risk (or 119 predation risk in our study) relative to a baseline measure of risk. 120 We used a model selection approach (Burnham and Anderson 2002) to identify the combination 121 of these variables that best described variations in the predation risk of artificial nests. We 123 described above in a single model (see Supplemental Table S1 for the full list of models). We did 129 used the survfit function (library survival, Therneau 2015) to create survival probability curves 130 using the Kaplan-Meier survival estimates of Cox models. 131 We tested the assumption of the Cox models that the hazard function does not change over time 132 for each covariate by regressing the Schoenfield residuals across time (Hess, 1995) . A significant 133 non-zero slope indicates a violation of the assumption. We confirmed that the assumption was 
Results

142
A total of 18 American Golden-Plover nests were found in our extensive search area of 11.7 km 2 143 (1.5 plover nest.km -2 ). We therefore used more than a third of all available nests (seven vs. 18 144 nests) to run the experiment. We did not trap any lemming in the live-trapping grid.
145 Predation risk and density of active plover nest 146 The model that best explained variation in predation risk on artificial nests included the density 147 of active plover nests within a radius of 270 m around the artificial nest (Supplemental Table   148 S1). The Cox proportional hazard mixed-effects regression model indicated that the predation 149 risk increased by 1.4-fold (coefficient = 0.87, SE = 0.24, P = 0.0003, hazard ratio = 2.4; Fig. 2) 150 and 2.4-fold (coefficient = 1.22, SE = 0.37, P = 0.001, hazard ratio = 3.4; Fig. 2) , respectively, 151 when we observed one and two active plover nests within the 270m-radius around the artificial 152 nest. The second most parsimonious model (ΔAICc = 1.99) included the effect of habitat type in 153 addition to the density of active plover nest (Supplemental Table S1 ). However, the effect of 154 habitat type on predation risk was not significant (coefficient = 0.09, SE = 0.24, hazard ratio = 155 1.10, P = 0.7).
156 Predation risk and distance to the nearest active plover nest 157 To confirm the direction of the results obtained through the best fitting model shown above, we 158 also report the results of the model including the distance to the nearest active plover nest, 159 although this model had a ΔAICc>2 (ΔAICc = 2.36; Supplemental Table S1 ). This model 160 showed that predation risk of artificial nests decreased by 20% for each additional 100 m further 162 Discussion 163 We showed that, during a year of low lemming abundance, predation risk on artificial nests 164 increases with the density of active plover nests and decreases with the distance to the nearest 165 active plover nest. Contrary to our predictions, these results do not support the existence of a 166 protective effect of plover nests on nearby nests. As discussed below, various factors can explain 167 those unexpected results, such as the disadvantages of nesting near bold neighbours, especially 168 during years of low lemming abundance. 169 
Spatial variations in predation risk
170 Several studies showed that predation risk increases with the distance to the nest of an aggressive 
